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EXECUTIVE SUMMARY
Energy is a national security issue and, therefore, the nation must pursue new ideas and methods of meeting its energy requirements. To meet this challenge, the nation must employ both energy conservation measures and alternative energy sources. The Cooperative Developmental Energy Program (CDEP) at Fort Valley State University (FVSU) in collaboration with the Museum of Aviation (MOA) at Robins Air Force Base investigated the impact that energy audits could have on energy usage. Water audits were also conducted on seventeen buildings on the campus of FVSU.
A professional contractor, Valu-Tech Design Solutions (VTDS), was employed to conduct energy audits and instruct and train 28 students ( 15 students for summer of 2012 and 13 students for summer of 2013) on energy auditing and how to calculate potential energy savings. The students received hands-on training on how to conduct energy audits on four FVSU buildings and three MOA buildings and how to conduct water audits on seventeen FVSU buildings. Overall, the audits included electricity, natural gas, and water consumption. Systems evaluated included lighting, heating, ventilation, air conditioning, roof and building envelop, and water plumbing equipment.
Overall, the project results revealed that the four FVSU buildings could reduce the usage of energy ranging from 17 to 27.8 percent by installing direct digital control programming for room occupancy. Also, the study revealed that one MOA building could reduce energy usage by 27.8 percent by installing a more energy efficient geothermal ground source heat pump system. Water conservation studies showed that by installing faucets and shower heads with a reduced gallon per minute flow rate and a reduced gallon per flush for toilets and urinals, FVSU could reduce water usage by twenty percent.
Each student completed approximately 330 hours of classroom education and on-the-job training in the subjects of energy auditing/energy management. At the end of each 9 week internship experience, the students were presented with Certificates of Completion and Competency from VTDS which qualifies them to conduct field investigations of buildings, perform energy audit/savings calculations, and make sound energy conservation recommendations.
The student interns also received 3 0 hours each of instruction on solar and wind technology as renewable energy sources via lecture, research assignments, and simulation. However, the students and project team did not collect and analyze data from the actual operations of solar panels and wind turbines during the project period due to delays in receiving approval from the Georgia Board of Regents to install solar panels and wind turbines on the Fort Valley State University campus. The project' s renewable energy objective will be accomplished during the post-project period, which will be ongoing for years to come. Additionally, the students took several fieldtrips to conferences, power plants, and other energy-related facilities.
I.
II. The objective of the project was to engage STEM students and FVSU faculty in research related to energy conservation measures and two renewable energy sources, solar panels and wind turbines. The project expanded opportunities for CDEP students to learn about energy conservation measures; twenty-eight (28) students were taught how to conduct energy audits and the benefits of using renewable energy sources (such as solar panels and wind turbines) to generate energy.
Introduction Research Findings
The Museum of Aviation located at Robins Air Force Base was a prutner in the project and served as one of the training sites for the students to conduct energy audits. The students also conducted audits on buildings located on the FVSU campus. The energy audits addressed electricity, natural gas, and water consumption. Systems included in the audits were lighting, heating, ventilation, air conditioning (HV AC), water usage, and roof and building envelope. Upon completing the audits for both the MOA and the FVSU campuses, the students along with Valu-Tech Design Solutions (VTDS) -a professional contractor hired to conduct energy audits and instruct and train the students on energy auditing-prepared a detailed assessment report of recommendations for potential energy savings.
Each student completed approximately 330 hours of education and on-the-job training in the subjects of energy auditing/energy management. At the end of the 9 week internship experience, the students were presented with Certificates of Completion and Competency from VTDS which qualifies them to conduct field investigations of buildings, perform energy audit/savings calculations, and make sound energy conservation recommendations. Additionally, the students involved in the project were all STEM majors and received funding for scholarships (included tuition, room and board, and mandatory fees); all students engaged in the project maintained a grade point average of 3. 0 or above.
The student interns also received 30 hours each of instruction on solar and wind technology as renewable energy sources via lecture, research assignments, and simulation. However, the students did not collect and analyze data from the actual operations of solar panels and wind turbines during the project period due to delays in receiving approval from the Georgia Board of Regents to install solar panels and wind turbines on the Fort Valley State University campus. This project objective will be accomplished during the post-project period, which will be ongoing. Additionally, the students took several fieldtrips to conferences, power plants, and other energy related facilities.
During the academic-year, the students met five weekends (once a month) for three hours each week with VTDS audit instructor and audit engineers. The purpose of these sessions was to familiarize students with an introductory level of exposure to energy auditing and to prepare them for their summer internships in energy auditing. Topics covered consisted of energy unit conversion, analysis of utility bills, incorporating benchmarking studies, analyzing lighting systems, and HVAC systems.
Three mobile SolaRover solar power units (Mohave 3, 3.06 kW solar array; Alvord 2.0 kW solar array with an AirDolphin Pro wind turbine attached; and an Alvord Drone 2.0 kW solar Array) were purchased for the project. Also, to assist with transporting the student interns to the Museum of Aviation for training on energy auditing and various fieldtrips, a twelve passenger Ford Econoline van was purchased. The van will also be used to transport the mobile solar panel units to various sites to promote education on renewable energy.
FVSU permitted the project PI to convert a 24' X 24' room in the Computer Technology and Mathematics building into a control room. The control room is used to collect and process the real time data from solar panels and wind turbine(s) including power (wattage) voltage (potential), and current (amperage). Also, the control room will measure in real time the impact that ambient environmental conditions such as temperature, cloud cover, and wind speed have on the generation of energy by solar panels and wind turbines. Additionally, the control room will also serve as an Energy Education and Research Center (EERC). The EERC will provide the FVSU and the external community with access to energy education and provide FVSU students and faculty with access to conducting energy research.
II. RESEARCH FINDINGS
A. Energy Auditing and Recommended Energy Conservation Measures
Valu-Tech Design Solutions (audit engineers accompanied by student interns) performed professional energy audits on four buildings at the Fort Valley State University Campus and three buildings at the Museum of Aviation (MOA). The audits focused on heating, ventilation and air conditioning (HVAC), water, and lighting systems. The audits typically began with existing data collection (drawings, equipment specifications, usages, etc.) and continued through discussions with site staff, on-site system verification, analysis, and recommendations. The roof is sloped over the entire 3rd floor. It is insulated with 6" of fiberglass (R-24) directly under the roof sheeting. There is an attic. The net (less window area) wall area of ACL building is about 23,200 sq. ft. The walls are brick and metal stud construction with 10" of rigid insulation. The insulation value is probably R-24. The building has about 14,400 sq. ft. of tinted, double-pane windows including doors. The window area consists as a percent of gross wall area per the direction that the wall faces is as follows.
Fort Valley State University (FVSU) Buildings and Descriptions
North -30.1 %South -44.3%East -33.6% West-45.1%
The high fenestration percentage in all walls especially the south and west increases the building's solar heat gain tremendously. The dark tinting helps reduce this effect.
All of the classrooms, lecture hall, and hallways are lighted with T -8 fluorescents which provide an efficient lumen per watt ratio. The center atrium has a combination of fluorescent down lights and a few halogen lamps. The connected load of all the building lighting is 96.4 kilowatts. All lighting is manually controlled. Many lights were observed to be left on during evenings, weekends and holidays when they are not needed.
ACL's HV AC system consists primarily of a 380 ton water-cooled centrifugal chiller and a 2,610 MBH hot water boiler fired by natural gas which serve six (6) air handlers, 29 single duct variable air volume (VA V) boxes with hot water reheat coils, and 44 fan powered VA V boxes with hot water reheat coils. The chiller, boiler, and associated pumps are located in the 1st floor Mechanical Pump Room # 119. The air handling unit or AHU-1 (14,000 CFMj is located in 1st floor Mechanical Room #130; AHU-2 (16,500 CFM) is located in 2n floor Mechanical Room #234; AHU-3 (28,300 CFM) is located in the 3rd floor Mechanical Room #335; AHU-4 (13,700CFM) in located in 1st floor Mechanical AHU Room #112A; AHU-5 (13 ,600 CFM) is located in 2nd floor Mechanical AHU Room #213A; 200CFM) is located in the 3rd floor Mechanical AHU Room #315A. All six air handlers have a hot water preheat coil, a chilled water cooling coil. Only AHU' s 2 and 3 have a 100% outside air economizer. AHU's 1, 2, and 3 have a 20% glycol energy recovery coil to precondition outside air. Temperature in the various rooms is regulated by the VA V and Pill boxes. The lab classrooms in the west wing contain 31 fume hoods and 24 vented cabinets which are served by six (6) exhaust fans @ 12,000 CFM each. The HVAC control system is a Honeywell Excel 5000 direct digital control (DDC) system. The supply fans on all six AHUs have variable frequency drives (VFDs) to adjust for duct static pressure. There are no VFDs on any other mechanical equipment. The control system is not programmed with an evening, weekend, or holiday temperature setback schedule, or for "occupied" I "unoccupied" modes. All AHUs and some fans run constantly 24/7/365. This was confirmed by on-site discussions with a Honeywell Controls service person on June 20, 2012.
The ACL building energy audit revealed that signification saving could be achieved by: (1) Programming automatic reset control on HV AC chiller; (2) Using thermostat set-points; (3) Install photo sensors in large lobby and; (4) Install occupancy sensors in classrooms. Table 1 shows the annual saving for each recommendation in terms of kilowatt (kW) usage, annual savings in dollar amount base on $0.076 per kW, dollar costs for improvement, and the payback time to cover the costs for improvement in months and years. Thus, Table 1 reveals that automating reset control on the chiller requires two months payback time; installing thermostat set points four months; installing photo sensors and tine control in lobby eight months; and installing occupancy sensors in classrooms 2.3 years. Benchmarking is the process of measuring, comparing, and tracking a building's energy consumption and is a critical step to understanding and reducing a facility' s energy consumption and carbon footprint. Benchmarking compares a building' s key performance energy metrics to similar buildings in a similar environment to determine a building' s energy efficiency and cost reduction. The three classroom buildings on FVSU' s campus were also subjected to benchmarking analysis. Table 2 shows the ACL building' s annual energy consumption was 2,382,320 kW for 60,700 sq. ft. which resulted in exceeding the regional benchmark by 2.4 times. By programming the ACL building' s DDC system and the fume hood control system to use "occupied/unoccupied" schedules and settings, the minimum annual savings is predicted to be about 673,600 kWh, Table 3 .. Installing a programming DDC system can reduce energy usage by 28 percent.
T bl 3 A a e . The roof is flat and consists of 15,300 sq. ft. over the 3rd floor and 3600 sq. ft. over the 1st floor auditorium. It is estimated that the roof has an average of 3" rigid insulation which is approximately R-12.
The net (less window area) wall area of the CTM Bldg. is about 18,700 sq. ft. The walls are brick and block construction with 2" of rigid insulation. The insulation value is probably R-8. The building has about 6,280 sq. ft. of insulated, double-pane windows including door glass. The window area as a percent of gross wall area per the direction that the wall faces is as follows.
North-4.7%
South-45.8% East-45.8% West-4.1%
The high fenestration percentage in the south and east walls increases the building's solar heat gain tremendously. All windows are tinted. All of the classrooms, lecture hall, and hallways are lighted with T -8 fluorescents which provide an efficient lumen per watt ratio. The center atrium has a combination of fluorescent and metal halide lamps. The connected load of all the building lighting is 78 kilowatts. The non-HV AC equipment consists of a few office copiers and PCs which are insignificant. All lighting is manually controlled. Many lights were observed to be left on during evenings, weekends and holidays when they are not needed.
CTM's HVAC system consists primarily of a 170 ton water-cooled centrifugal chiller and a 1,600 MBH hot water boiler fired by natural gas which serve four (4) air handlers, 22 single duct variable air volume (VA V) boxes with hot water reheat coils, and 15 fan powered VAV boxes with hot water reheat coils. AH-1 (11,200 CFM), AH-2 (11 ,200 CFM), the chiller and the boiler are located in the main mechanical room on the l 5 t floor. AHU-3 (21,815 CFM) is located in the 3rd floor mechanical room, and AH-4 (5,500) is located on the 2nd floor. All four air handlers have a hot water pre-heat coil, a chilled water cooling coil, and a 100% econom1zer. Temperature in the various rooms is regulated by the VA V boxes.
The CTM building energy audit revealed that signification saving could be achieved by: (1) Installing photo sensor in large lobby area; (2) Using thermostat set-points; (3) Replacing current EXIT lights with LEDs and; (4) Installing occupancy sensors in classrooms. Table 4 shows the armual saving for each recommendation in terms of kilowatt (kW) usage, armual savings in dollar amount base on $0.076 per kW, dollar costs for improvement, and the payback time to cover the costs for improvement in months and years. Table 4 reveals payback for installing photo sensors and time control in the lobby was three months; for thermostat set points 6 months; installing occupancy sensors in classrooms 1.03 years; and replacing EXIT lights with LEDs 1.5 years. Table 5 benchmark analysis revealed that the CTM building energy consumption was 1. 7 times higher than buildings in the region with similar metrics. By implementing the recommendations from the energy audit, the CTM building' s energy consumption will be more aligned with benchmark achievement. Lower fenestration percentage in the south and west walls is very good for reducing solar heat gain.
All of the rooms and hallways are lighted with T -8 flu ore scents which provide an efficient lumen per watt ratio. The connected load of all the building lighting is 28.5 kilowatts. The non-HV AC equipment consists of a few office copiers and PCs which are insignificant. All lighting is manually controlled. Many lights were observed to be left on during evenings, weekends and holidays when they are not needed.
Patton Hall's entire HV AC system was replaced in 2001. The system consists primarily of a 50 ton air cooled package chiller and a 520 MBH (Thousands of British Thermal Unit per Hour) hot water boiler fired by natural gas which serves three air handlers and 26 single duct variable air volume (VA V) boxes. AHU-1 (7,300 CFM) and the boiler are located in the basement. AHU-2 (4300 CFM) is located in the attic, and RAH-1 sits on the flat roof above the west half of the building. All three air handlers have a hot water pre-heat coil and a chilled water cooling coil. Temperature in the various rooms is regulated by the VA V boxes. All the VA V s have hot water reheat coils.
The Patton building energy audit revealed that significant savings could be achieved by: (1) Installing thermostat set points and; (2) Implementing recommended changes in Table 7 which reveals that a significant reduction in kilowatt (kW) usage can be achieved annually. Savings in dollar amounts are based on $0.076 per kW. Payback time is calculated on estimated costs of installing recommended remedies times month or years it takes for savings to equal estimated cost of installing remedies. The audit predicted that the recommended remedies would result in an annual reduction of 51,409 kWh times $0.076 per kW will result in $3,907 in savings. The cost of the recommended remedies was estimated to be $10,000 resulting in 2.56 payback years. $3907 $10,000 2.56 years Table 8 benchmark analysis revealed that Patton Hall 's energy consumption was 1.2 times higher than buildings in the region with similar metrics. By implementing the recommendations from the energy audit, the Patton Hall building' s energy consumption will be more aligned with benchmark achievement. By programming the Patton Hall DDC system to use "occupied/unoccupied" schedules and settings, the minimum annual savings is predicted to be about 48,600 kWh. Table 9 reveals a projected 12 percent savings with installing the recommended remedies with a payback time of 2.8 years. The net (less window area) wall area of WC#2 is about 50,176 square feet. The walls contain R-13 batt insulation. The building has about 7,560 square feet of operable windows including door glass. The window area as a percent of gross wall area per the direction that the wall faces is as follows.
North -27% South -27% East-24% West -20%
Lower fenestration percentage in the south and west walls is very good for reducing solar heat gain. All of the rooms and hallways are lighted with T -8 fluorescents which provide efficient lumens per watt ratio. All lighting is manually controlled, except the hall ways lighting, which has no controls. Wildcat Commons 2 (WC2) entire HV AC system was installed in 2007.
Assessment Recommendations
As shown in Table 10 , retrofitting the non-programmable thermostats with standalone VT7300C5000 thermostats with wireless communication card option will enable remote control. Also, the lighting level on the hallways is higher than the IESNA (Illuminating Engineering Society of North America) recommended lighting levels for a hallway (15-30fc); de-lamping the hallways will reduce the lighting energy use and also installing occupancy sensor or timer controls in laundry room and computer room. By implementing the recommendations of the energy audit, WC2 building can reduce energy usage by 20 percent. 
a. Water Efficiency
As the nation and world' s population increase, water resources are becoming increasingly scarce. Therefore, there is a need to reduce water consumption whenever possible. Congress issued the initial guidelines for flow control in various plumbing products via the Energy Policy Act of 1992. This Act regulated the volume of water that could flow through residential, commercial, and industrial plumbing equipment. The legislation also set maximum flow rates in gallons per minute (gpm) and gallon per flush (gpf) for the following classes ofproducts CDEP interns performed independent studies on water efficiency with the intent to assess the flow rates of existing plumbing equipment on the FVSU campus; make recommendations to install plumbing equipment that is more water efficient; and determine payback time for installation costs. The plumbing equipment (fixtures) that the students assessed consisted of comparing shower heads, urinals, and water closets with water efficient ones. Eighteen buildings were included in the study: twelve dormitories or student housing, three classroom buildings, one administration building, a student center, and a conference center. The buildings are listed below:
• Most of the water fixtures within the buildings that were included in the auditing process varied from one building to another. From the information gathered during the auditing process, there were a total of956 toilets, 870 shower heads, 1,582 bathroom faucets, and 154 laboratory faucets, each with a variety of brands and a variety of flow rates. Also, there were a total of 389 kitchen faucets, each with a variety of brands and flow rates.
The water supplied to the campus is purchased from the Fort Valley, GA Utilities Commission through a meter that is common to many of the buildings on campus. According to the available data, 39,711,632 gallons of water were consumed during the eight month period for the year 2011 at a total cost of $125,885.87 with an average cost of$3.17 per 1,000 gallons. Table 11 describes the amount of savings in water usage that FVSU can achieve by: (1) changing urinals from 1.5 gpf to 1.0 gpf; (2) changing toilets from 3.5 gpf to 1.6 gpf; and (3) changing shower heads from 2.5 gpm to 1.5 gpm. Also Table 11 provides the analysis of annual savings in water usage (7,942,368g), money savings ($25,177.31), costs required to install water efficient plumbing equipment ($16,382.70) , and payback time in years (0.65 year). When funds become available, FVSU is planning to implement additional energy and water conservation measures recommended by the study associated with the HV AC systems, faucets and shower head flow rates, and gallons per flush for toilets and urinals. The PI and project team will continue to collect and evaluate data on an on-going basis. As a result of funding this project, the Office of Army Research and the overall public will benefit from future publications and conference meetings.
Robins Air Force Base Museum (RAFB) Buildings and Descriptions 1500 Eagle Building, 1506 Century of Flight, Building1507 WW II Scott Building
Eagle Building
Constructed in 1991 , the Eagle Building is the main building on the museum campus. In addition to housing many historical exhibits and aircraft, it contains theaters, conference rooms, a cafe, and the museum administration offices. When viewed from the sky, its basic shape is that of the US Air Force Roundel, with the insignia actually painted on the metal roof. It has a 120' diameter central rotunda that extends from the ground floor to the roof (approximately 54 feet) . Three rectangular wings radiate from the rotunda. The north and south wings are three stories each. The west wing which contains the Scott Auditorium, gift shop and art gallery is only 2 stories. Construction drawings for the Eagle Building were fairly limited. Plan view dimensions and some wall sections were available, but there were no elevations or mechanical equipment drawings. No specifications were available. Original reflected ceiling drawings showing lighting were found.
The entire building is metal construction. The blue color metal roof has 8 inches of fiberglass blanket beneath the sheeting, and the white walls are double skinned metal panels with 6 inches of insulation inside. The flat metal roof has an area of about 29,000 square feet. The net (less window area) wall area of the 3 story portion is about 45,000 square feet. There is about 3000 square feet of double pane blue-tinted windows on the building. Two all glass entrances with vestibules on the 1st floor add another 300 square feet of fenestration. Total floor area of the Eagle Bldg. is approximately 62,000 square feet.
The Eagle Building' s lighting and non-HVAC equipment load was estimated to be 0.7 watts per square foot using data from the original reflected ceiling plans and field observations. Most of the lighting load in the Eagle Building is incandescent in order to provide good color rendition for the exhibits. Offices, conference rooms, cafe, restrooms and some hallways are lighted with T -8 fluorescents which provide very efficient lumens per watt ratio. The non-HVAC equipment consists of a few office copiers and PCs. The cafe kitchen has several refrigerators, warmers, and a hot dog warmer. The building HV AC system consists entirely of nine (9) self-contained, water-cooled air conditioners with hot water heating coils. They are located in mechanical rooms at various locations throughout the building. The total nominal cooling capacity of all nine units is 14 7 tons. Each unit has its own stand-alone electronic temperature controls. A single 175 ton cooling tower and pump provide condenser cooling water for all nine of the air conditioners. The pump is sized for 369gpm at 43 feet head. The tower is located outdoors on the east side of the building, and the pump is in a ground floor mechanical room. A 1.2 million BTUH natural gas hot water boiler serves the heating coils in all nine A/C units. A single 1.5 hp inline pump circulates the hot water around the building.
Assessment Recommendations
This section is an Executive Summary of some of the Assessment Recommendations that were made following field measurement and verification.
Eagle Building
Retrofit 1991 vintage water-cooled air conditioners with hot water reheat coils for its cooling and heating system which are old and very inefficient with geothermal ground source heat pump (GSHP) systems which is significantly more energy efficient than traditional water source heat pumps that employ a cooling tower and boiler. Loop temperatures for the traditional approach are typically in the range of 60 to 90°F, while ground sources are typically in a tighter, 60 to 70°F range ( 
Century of Flight Building
This is a large climate controlled aircraft hangar which houses historical aircraft displays, a large banquet area, classrooms, and offices. No construction drawings were found.
Overall dimensions are 200 feet by 300 feet. Its height at the peak of the roof is about 41 feet and 34\.ti feet at the side walls. The floor slab is actually two levels. The western most 70 feet is 60 inches higher than the rest. Above the higher slab area is a 2"d story. All of the offices, classrooms, and restrooms are located in the two stories of the raised slab area. The banquet area is on the lower slab of the hangar. The entire building is metal construction. The white color metal roof has 8 inches of fiberglass blanket beneath the sheeting, and the white metal walls have 6 inches of fiberglass blanket on the inside. The insulation vapor barrier is exposed at both the roof and walls. An additional decorative skin has been added to the west exterior wall. The roof is slightly sloped and has an area of 60,000 square feet. The walls average about 34 feet high, so the total wall area is 34,000 square feet. The Century of Flight Hangar has no windows. The all glass entrance doors are on the west side and are the only fenestration. Total area is less than 100 square feet.
Lighting consists primarily of high bay HIDs (High Intensity Discharge) and incandescent for small perimeter displays in the hangar area. The offices, classrooms, and restrooms have fluorescent lighting. The wattage of the HID fixtures was not known. The fluorescent fixtures were the same as in the Eagle building. Therefore, lighting and non-HVAC equipment loads are estimated to be 0.5 watts per square foot.
It was recommended that the air cooled equipment remain for the time being especially considering the newness of the units. As needed, these units should be replaced with modem equivalents which will have higher energy efficiencies or also look into GSHP.
WW II Scott Exhibit Hangar Building
This is another large climate controlled aircraft hangar constructed more recently which houses historical aircraft displays, and restrooms. Again, no construction drawings were found.
Overall dimensions are 200 feet by 300 feet. Its height at the peak of the roof is about 41 feet and 34Y2 feet at the side walls. As with 1506, the floor slab is two levels. The western most 70 feet is 60 inches higher than the rest. However, there are no offices, classrooms, conference rooms, banquet area, or 2nd story above the raised slab like in 1506. The entire 60,000 square feet of slab is used for aircraft display.
The entire building is metal construction. The white color metal roof has 8 inches of fiberglass blanket beneath the sheeting, and the white metal walls have 6 inches of fiberglass blanket on the inside. The insulation vapor barrier is exposed at both the roof and walls. An additional decorative skin has been added to the west exterior wall. The roof is slightly sloped and has an area of 60,000 square feet. The walls average about 34 feet high, so the total wall area is 34,000 square feet. The WWII Scott Exhibit Hangar has no windows. The all glass entrance doors are on the west side and are the only fenestration. Total area is less than 100 square feet.
Lighting consists primarily of high bay HIDs and incandescent for small perimeter displays in the hangar area. Restrooms have fluorescent lighting. The wattage of the HID fixtures was not known. The fluorescent fixtures were the same as in the Eagle Bldg. Therefore, lighting and non-HV AC equipment loads are estimated to be 0.5 watts per square foot. It consists primarily of four (4) rooftop type air conditioners with gas furnaces set on ground level pads around outside of the building. All have air-cooled condensers. The total cooling capacity of all the units is 110 tons. The total gas heating capacity is 1.2 million BTUH. Most of the HV AC equipment is less than 3 years old. So it is well within its useful life. Each air conditioner has its own programmable thermostat located inside the building near the return air intake grilles. Since the WWII Scott Exhibit Hangar does not have classrooms, conference rooms or a banquet area the number of people in the building will always be less than 50.
It was also recommended that the air cooled equipment remain for the time being especially considering the newness of the units. As needed, these units should be replaced with modern equivalents which will have higher energy efficiencies or also look into GSHP.
III. RENEWABLE ENERGY SOURCES: MOBILE SOLAR PANELS AND WIND TURBINES
Summer interns were instructed about various facets of Renewable Energy (via simulation), with special emphasis placed on solar and wind technology. However, the students did not collect and analyze data from the operations of solar panels and wind turbines during the reporting period due to delays in receiving approval from the Georgia Board of Regents to install solar panels and wind turbines on the Fort Valley State University campus. This project objective will be accomplished during the post-project period, which will be ongoing. FVSU permitted the project to convert a room 24' X 24' into a control room. The control room is used to collect and process the real time data from solar panels and wind turbine(s) including power (wattage) voltage, and current (amperage). Also, the control room will measure in real time the impact of ambient environmental conditions such as temperature, cloud cover, and wind speed have on energy generation by solar panels and wind turbines.
Additionally, the control room will also serve as an Energy Education and Research Center (EERC). The EERC will provide FVSU and the external community with access to energy education and provide FVSU students and faculty with access to conducting energy research. The facility includes computer workstations, miniature wind turbines, miniature solar photovoltaic panels, data monitoring software, renewable energy monitors, educational wall displays, and LED smart monitors to display the real time data from solar panels and the Air Dolphin wind turbine attached to the Alvord Drone solar array in the field (Figure 2 ). 
IV. STUDENT PARTICIPATION
This project was designed to involve students at every level of participation. Students participation included hands-on instructions on how to conduct energy and water audits, how to perform calculations, how to define and convert energy units, how to utilize benchmarking studies, how to analyze utility invoices (bills), how to evaluate energy systems (lighting, cooling, heating, etc.) , and how to understand the many acronyms used in energy auditing such as HV AC, CFM, and VA V, to mention a few.
Students' participation consisted of Saturday sessions, summer internships, and fieldtrips.
Saturday Sessions
Instructors from VTDS conducted five Saturday sessions each year from October 2011 to April 2012 & October 2012 to April 20 13. Each session consisted of a 3 hour classroom session where the students were taught fundamentals of performing energy audits on buildings. The goal was to provide the students with classroom exposure to introductory level energy auditing and to prepare students for hands-on energy auditing that they would receive during their summer internships. The topics covered during the Saturday sessions included:
• Unit Conversion 
Summer Sessions
VTDS provided a 9 weeks internship experience consisting of classroom as well as field training on energy auditing to 28 CDEP students between the periods of October 2011 to July 2012 (15 students) and from October 2012 to July 2013 (13 students). The Robins Air Force Museum Buildings as well as the FVSU buildings were used for training in field measurement & verification. The interns developed an audit process to identify the most effective energy savings opportunities and prioritized them according to shortest payback period. The following steps were taken for the auditing process:
• Application of benchmarking techniques to compare/contrast from typical commercial buildings of its size, location, and age in the region using Commercial Building Energy Consumption Survey (CBECS)
• Regression analysis of utility bills using Energy Explorer (Univ. of Dayton lAC software)
• Energy modeling using eQUEST (buildings on group metering system)
• Onsite walk through of facility to identify target areas of cost savings
• Calculation of possible energy savings highlighting those with immediate or shortest payback
• Presentation of written audit report detailing savings, maintenance recommendations as well as a precise description of audit findings Before the audits were performed, the students spent the first half of the internship in the classroom where they were taught basic principles of energy engineering and how to do calculations, some of which included;
• 
Field Trips
To allow the students to observe how energy is produced and transferred as well as have an in-depth understanding of LEED design, field trips were taken to the following facilities:
• At the completion of the nine week course, the students presented (via a seminar) recommendations to the project staff and VTDS instructors potential energy savings for the FVSU buildings based on audit data. In recognition of their accomplishments, each student was presented with a Certificate of Completion.
V. CHALLENGES
A. Board of Regents Site Preparation Plan Approval
FVSU is a public funded institution of higher education for the state of Georgia and is governed by a Board of Regents (BOR) appointed by the Governor. Because FVSU is a public institution, a number of on-campus and off-campus projects must receive prior approval to the implementation of a project. Because the solar panels were scheduled to be placed on campus, it was considered a construction project. Also, all construction projects, regardless of funding source, must be authorized by the BOR and/or the Vice Chancellor for Facilities.
Previous Project Progress Reports have documented the delays in getting the approval to proceed with locating the solar panels and wind turbines on campus. On June 20, 2014, the Vice Chancellor for Facilities, Mr. Jim James, of the University System of Georgia gave approval to the President of Fort Valley State University, Dr. Ivelaw Griffith, to proceed with the project (Attachment #1). The Project PI and project team moved forward by constructing and completing the location site for the solar panels by October 29, 2014.
B. Bankruptcy of Wind Turbine Vendor
During the early stages of the project, the CEO of SOENSO Energy Company, Mr. Roger Cone, submitted a proposal to install two Skystream 3.7 wind turbines on 70' monopoles (Attachments #2 and #3). On July 20, 2012, the contractual agreement to install the two wind turbines was signed by appropriate Fort Valley State University officials (Attachment #4). On August 6, 2012, Mr. Cone sent a copy of a Certificate of Liability Insurance (Attachment #5) in support of his contractual agreement. In accordance with the contractual agreement, SOENSO received $40,500.00 to order the equipment. However, action to install the wind turbines was delayed due to Board of Regents approval for a site to place the structures. The project PI informed Mr. Cone that he would be contacted once the site was confirmed.
On August 15, 2013, Mr. Cone sent an email to inform the PI and staff that his company, SOENSO Energy Company, had filed a petition for bankruptcy (Attachment #6). The PI sent a copy of the email and the contractual agreement to Fort Valley State University' s Legal Officer, Attorney Charles Jones, and asked him to follow up. Attorney Jones notified the PI that the debt for SOENSO was discharged in bankruptcy on November 7, 2013 (Attachment #7). According to Attorney Jones, since the debt was discharged, law provides that the University cannot attempt to collect monies paid to SOENSO for the wind turbines. Unfortunately, this fmancialloss for the project was an unforeseen event that could not be controlled by the project team.
Despite the challenges encountered, the overall project has been very successful. Additionally, it is with great joy that the PI and project staff are able to report that the
VI.
campus site has been constructed and the SolaRover solar panels were installed on October 28-29, 2014. Also, the PI is happy to report that one ofthe SolaRover panels has a wind turbine attached which will enable the project team to collect data on the proficiency of both the use of solar panels and wind turbines in Georgia. The project team received training on the SolaRover units on October 29, 2014 and data collection is planned post project 2015. Based on your most recent letter, it is our understanding that you are ready to proceed with construction of a stand-alone, fenced gravel area to house solar panels for student access and study, at an estimated cost of $15,000 from the grant funds. Thank you for this update, and please continue to keep FVSU' s assigned Progran1 Manager, Samson Oyegunle, informed as to the specific siting of the area, necessary security measures, and any future construction plans relating to tbis approved project. 
GLOSSARY
HVAC
Renewable Energy Integrators
We propose to furnish and install a Skystream 3.7 at the FVSU campus. The Skystream is normally available with three different self supporting monopole towers. Until7/19/11 , the prices are as follows. We must take delivery prior to the 8/1/11 price increase. After 7/19/11 there will be a 10% price increase from Southwest Windpower. Documentation included.
Skystream with 45' tower-$24,000.00
Skystream with 55' tower-$27,000.00
Skystream with 70' tower-$30,000.00
These prices do not include any sales tax or freight. Freight will be approximately $1,000.00 per system . Prices do include trenching and running the wiring to the electrical panel in the Mathematics and Computer Science building . This is from any of the three locations discussed during our site visit.
If we install at least two Skystreams at the same time there is a deduct of $500.00 off the total cost of the two systems. If we install at least three Skystreams at the same time there is a deduct of $750.00 off the total cost of the three systems.
The payment terms of this proposal are 60% on order entry; 30% upon shipment of the systems and the final1 0% upon completion and commissioning . 
